In order to obtain an insight into the damage of thylakoid membranes of spruce (Picea abies) trees with damage of varying intensity, investigations were performed on the content of QBprotein, cytochrome/, and P-700 in chloroplasts of spruce needles from apparently healthy and from damaged trees. Needles from the second and third needle year and the seventh whorl were chosen. The investigations were carried out in 1986 on a 20 to 25-year-old spruce plantation in the Hunsriick mountains and on an 80-year-old spruce plantation in the Westerwald mountains. In damaged trees an unequivocal decrease in the content of QB-protein, cytochrome/, and P-700 was found, even in needle groups that appear visibly green and healthy. The amount of cytochrome / decreased by 25% per dry weight (approximately to the same extent as chlorophyll); the content of QB-protein and P-700, however, were more drastically reduced compared to the control trees (about 40% and 50%, respectively). These results of measuring the photosynthetic electron transport components imply that the thylakoid membranes are sites of early injurious effects.
Introduction
In the previous paper (cf. 
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Chl, chlorophyll; Cyt /, cytochrome /; EDTA, ethylenediaminetetraacetic acid disodium salt (dihydrate); HEPES, N-(2-Hydroxyethyl)piperazine-N'-2-ethanesulfonic acid; P-700, reaction center of photosystem I; PS, photosystem.
Reprint requests to Prof. Dr. A. Wild. Verlag der Zeitschrift für Naturforschung. D-7400 Tübingen 0341 -0382/88/0700-0606 $01.30/0 For the measuring of cytochrome / and P-700, the pellet was resuspended in storage medium (50 mM HEPES/KOH, pH 6.7; 2 mM EDTA; 1 mM MgCl 2 ; 0.5 mM K 2 HP0 4 ; 20 mM NaCl; 2 mM NaN0 3 ).
Materials and Methods

Description of the locations
For the determination of the Q B -protein, the broken chloroplasts were resuspended in 40 ml of wash-ing medium (50 mM HEPES/KOH, pH 6.7; 2 mM EDTA) and stirred carefully for 5 min. The suspension was centrifuged again at 26,900 x g for 5 min.
The pellet was then suspended in storage medium and sucked through 4 layers of nylon mesh (22 pm pore diameter) in order to obtain a homogeneous chloroplast suspension.
Determination of the Q B -protein
The measurements were performed according to the method of Tischer and Strotmann [3] 
Determination of cytochrome f and P-700
Cytochrome / was determined by difference spectra in accordance with the method specified by 
Results
Hunsrück location
The each, the fresh weight, dry weight, and needle surface area was greater than in relation to chlorophyll.
When, for instance, the dry weight is chosen as reference parameter, it can be seen that the decrease was 39% in the 1985 needle generation and 38% in the 1984 needle generation.
Cytochrome f
There was no difference in the cytochrome / content between apparently healthy and damaged trees per chlorophyll, neither in the 1985 needle generation nor in the 1984 needle generation (Fig. 2) . On the other hand, in relation to other parameters (FW, DW, needle surface area), there was a clear decrease in cytochrome / in the more severely damaged partner. This decrease appeared to be even stronger in the older needles (Fig. 2) . When the dry weight was chosen as reference parameter, the decrease was 
P-700
In relation to chlorophyll, this redox component was drastically reduced in concentration in the more, severely damaged trees (Fig. 3) . tween the content of P-700 in trees with symptoms of damage and less damaged trees was even stronger when other reference parameters were used, and it was especially drastic in relation to the dry weight (Fig. 3) . This reduction was more marked in the 1984 needle generation (57%) than in the 1985 needle generation (47%). Fig. 4 shows the content of P-700 in relation to the dry weight on the different harvest dates.
Westerwald location
All spruce trees of the Westerwald location were apparently healthy.
The amount of cytochrome / and P-700 in the needles of the trees at the Westerwald location was about the same as that determined at the Hunsrück location for the apparently healthy or only slightly damaged spruce trees (Table I ). In contrast, the Table I . Contents of the redox-components QB-protein, cytochrome / (Cyt /), and P-700 in relation to different parameters (Chi = chlorophyll a + b, FW = fresh weight, DW = dry weight, NS = needle surface area). 0 = mean value of four tree pairs from the Hunsrück location and five trees from the Westerwald location over the investigation period 1986, '85 = the 1985 needle generation, '84 = the 1984 needle generation, tree group 1 = apparently healthy or only slightly damaged partners, tree group 2 = more severely damaged partners. and Öquist and Martin [22] . 
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